five members who agreed to regular follow-up.
A PPROXIMATELY 10% of pheochromocytomas are believed to be inherited (1). Most of them are part of familial syndromes with an autosomal dominant mode of inheritance and other associated conditions, especially multiple endocrine neoplasia type 2 (MEN 21, retinal cerebellar hemangioblastomatosis [von Hippel-Lindau (vHL) disease] and, rarely, neurofibromatosis type 1. A recent study described the detection of associated familial disease in as many as 19 of 82 patients (23%) presenting with pheochromocytoma (3 families with MEN 2 and 16 with vHL disease), suggesting an even higher prevalence and clinical importance of familial pheochromocytoma (2).
As all familial pheochromocytoma in the latter study were associated with MEN 2 or vHL disease, the question arises of whether familial pheochromocytoma without other familial conditions exists as an entity. Previously described families (3,4) have not included extensive work-ups (including a calcitonin stimulation test) to rule out the existence of these associated disorders, especially of MEN 2.
Since 1988 we have followed a family' with pheochromocytomas in three generations and with at least seven affected i Before the possibility of vHL genetic analysis, this family was erroneously described as a MEN 2 family (by 2, family 3).
members. For reasons stated below, this family was looked upon as a MEN 2 family. Because of the clinical presentation with only adrenal disease, and as total thyroidectomy in the index patient disclosed only a focal presence of C cells but no medullary thyroid carcinoma, we were not convinced of this classification. With the recent availability of genetic diagnosis, we were able to disprove the diagnosis of MEN 2, which has clinical consequences for the family. Furthermore, a new mutation in the vHL disease suppressor gene found in this family demonstrates that the clinical diagnosis of a familial pheochromocytoma-only variant might be a form of the vHL disease.
Patients

Subjects and Methods
Since 1988 we have followed a family with pheochromocytomas (the pedigree is given in Fig. 1 Briefly, the cloned coding sequence of the vHL gene was amplified from genomic DNA using six sets of primer sequences, and each fragment was examined for point mutations by single strand conformational polymorphism analysis (9). The nucleotide sequence of PCR products showing band shifts on single strand conformational polymorphism analysis was determined by direct sequencing with nested primers, using a commercially available cycle sequencing kit (Life Technologies, Grand Island, NY) according to the manufacturer's guidelines.
Patients
Results
With respect to the pedigree shown in Fig. 1 , patient I,1 refused clinical investigations, with the exception of an ultrasonography that demonstrated bilateral adrenal tumors but normal renal and thyroid morphology. She also agreed to determination of the basal calcitonin level, which was normal, and a genetic analysis.
Patient II,1 died in childbirth with the symptoms and signs of a hypertensive crisis. Whole body autopsy showed a left adrenal and an extraadrenal pheochromocytoma, but no other features of MEN 2 or vHL disease. The child died 1 day after birth from a cerebral hemorrhage.
Patient II,3 claimed that after performing an ultrasonography her family doctor had told her that she was not affected by the family disease. She agreed only to the genetic analysis. All other patients (1,2; 11,2; 11,4; 11,5; and 111,l) were screened for MEN 2 and vHL disease. With one exception all results were normal. In patient 11,2, two calcitonin stimulation tests were performed, which demonstrated increases from a normal basal value (37 and 39 pg/mL) to 141 and 295 pg/mL. At that time our upper normal value for calcitonin during the stimulation test was 120 pg/mL, and we considered this increase to be indicative of C cell hyperplasia. After extensive discussion with the patient, thyroidectomy was performed despite normal ultrasonography of the thyroid. Only a focal presence of C cells, but no medullary thyroid carcinoma, was found. Postoperatively, calcitonin was no longer detectable (<lo pg/mL basally and after stimulation).
Genetic analyses
We were not able to identify any MEN 2A-specific RET point mutations in genomic DNA of the family members tested at codons 609,611,618,620, and 634 in exons 10 and 11, respectively. Furthermore, no mutations were found in exon 16 (codon 918).
Examination of the vHL gene identified a C to G transversion at nucleotide 775 of the published coding sequence (10). This sequence change was predicted to cause a substitution of a leucine by a valine at codon 259 in the putative vHL protein. The C775G change segregated with the disease and has not been detected in analysis of more than 400 normal vHL alleles.
Discussion
We describe a family suffering from familial pheochromocytoma with seven affected subjects in three generations. In the absence of cutaneous manifestations and, therefore, exclusion of neurofibromatosis type 1, we had to differentiate among the diagnoses of MEN 2, retinal cerebellar hemangioblastomatosis, and isolated familial pheochromocytoma.
The diagnosis of MEN 2 appeared unlikely because none of the affected family members (at 14,20,29,42,45,59 , and 71 yr of age) suffered from overt thyroid disease, and an adequately and repeatedly performed screening for medullary thyroid carcinoma gave normal results in 4 of 5 patients. In 25 patients, members of 5 MEN 2 families, we have found no patient with a pheochromocytoma or primary hyperparathyroidism without C cell disease (unpublished data). However, Gage1 et al. (11) described adrenal disease preceding by 5 and 8 yr the detection of C cell abnormalities in 2 of 19 MEN 2 patients with pheochromocytoma. Thus, the detection of adrenal disease as the first manifestation in MEN 2 patients is occasionally possible; however, the absence of thyroid disease 24 yr (patient 11,4) and 12 yr (patient 11,5) after detecting pheochromocytoma would have been unprecedented.
One patient (II,21 had a calcitonin stimulation test that was considered abnormal. Consequently, thyroidectomy was performed. At that time, we used an upper normal limit for calcitonin during the stimulation test of 120 pg/mL. Subsequently, based on tests in 20 healthy volunteers, we established an upper normal limit for stimulated calcitonin of 400 pg/mL (7). The histological evaluation in this patient showed only focal C cell hyperplasia, but no medullary thyroid carcinoma. Focal C cell hyperplasia can represent a normal finding in the thyroids of children less than 6 yr of age and in elderly patients (12). Recently, positive stimulation tests and C cell hyperplasia in the operated thyroid were described as a normal finding in unaffected members of MEN 2 families (13). Thus, we now judge the calcitonin stimulation test performed preoperatively on patient II,2 as normal and the histological findings as not proven for MEN 2-associated C cell disease.
Mutations in the RET protooncogene were identified as the genetic defect in MEN 2 (14, 15) . Based on this experience, genetic analysis of the family was carried out. RET protooncogene mutations in exons 10 and 11 are present in 97% of MEN 2A families and in 86% of the patients with familial medullary thyroid carcinoma (16). In almost all MEN 2B patients tested recently, mutations in exon 16 were detectable (17).
We were not able to detect any MEN 2-specific RET protooncogene mutations in exons 10, 11, and 16 and concluded that the diagnosis of MEN 2 was extremely unlikely. Therefore, calcitonin stimulation tests were no longer needed in the care of this family.
At about the time of the discovery of the MEN 2 gene, rearrangements in a gene named vHL disease tumor suppressor gene were identified as the causal defect for vHL disease (10). Therefore, a search for a defect in this gene in the described family was performed. Despite the complete absence of other clinical manifestations, a mutation in the vHL tumor suppressor gene was found.
The positive finding of a mutation in this gene obviates the need for further testing in the RET protooncogene, as additional mutations in 3% of MEN 2a families were found that do not harbor one of the common mutations in codons 609, 611,618,620, and 634 (these showed only the wild-type allele in this family) (18).
The presence of pheochromocytoma in 20% of vHL families is often used to classify the disease into two types; families without pheochromocytoma are described as vHL type 1, and those with pheochromocytoma as vHL type 2 (19-21). Interesting correlations between this phenotype expression and the types of mutations in the vHL disease tumor suppressor gene have been reported (9, 21). In short, missense mutations (in contrast to deletions, insertions, and nonsense mutations) are found significantly more often in families with vHL type 2.
The family described in this manuscript is the first reported family with a mutation in the vHL disease tumor suppressor gene, but with pheochromocytoma as the only manifestation of vHL disease (i.e. without angiomas, hemangioblastomas, and renal cell carcinomas). Therefore, the family cannot be assigned to one of the two above-mentioned types of vHL disease. The C775G mutation detected in this family has not been described previously, but it is interesting to note that it is also a missense mutation. Furthermore, the mutation identified is at the very 3'-end of the vHL disease tumor suppressor gene, and the substitution of leucine by valine is supposed to cause little conformational change in the putative vHL protein. The absence of other vHL manifestations in all seven members of the family is unlikely to be coincidental given the prevalence and mean age at onset of the other clinical features of the disease (22). Therefore, the association of this particular mutation with such a pheochromocytoma-only variant of vHL disease might contribute to an understanding of the genetic mechanisms of vHL disease.
In conclusion, we have shown that in this family, the sole occurrence of pheochromocytoma is a minor variant of vHL disease. To emphasize both the relationship to and the distinction from the full blown syndrome, we propose that this pheochromocytoma-only variant be called vHL type 3.
Note added in proof:
Since the writing of the manuscript, the numbering of the vHL coding sequence has been changed: codon 259 is now counted as codon 188 (Iliopoulos 0, Kibel A, Gray S, Kaelin WG. 1995 Tumor suppression by the human von Hippel-Lindau gene product. Nature Medicine 1: 822-826).
